The literature is replete with suggestions that Clostridium tetani is virtually universally distributed in the environment, presumably as a result of contamination by the feces of domestic animals and man (10) . Although Smith (15) concluded that the organism has many habitats in nature, including the soil, the idea of the horse as the prime source of the organism is still widely prevalent. Early work in this country, especially that of Bauer and Meyer (1) and Gilles (2) , tended to exonerate the horse and implicate man and soil. A review of the literature revealed no substantive survey data on the distribution of tetanus spores in feces or the environment in this country since 1937.
The low incidence of clinical tetanus, the apparent low level of immunization, and the relative scarcity of sources of massive fecal contamination (such as horses) suggested that the prevalence of C. tetani in the metropolitan Boston environment might be significantly less than that predicted by the literature. Consequently, a limited study was undertaken to determine both the approximate level of contamination of the environment with toxigenic strains of C. tetani and possibly the probable source of such contamination. The study was also designed to evaluate or develop techniques adaptable to mass studies of anaerobic organisms in a field situation.
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MATERIALS AND METHODS
Isolation media. Cooked Meat Medium (Difco) was prepared according to the manufacturer's directions and used on the day of preparation. Yeast extractblood-agar and sorbic acid-polymixin B sulfate-thioglycolate medium (SAPB) were prepared as described by Wetzler et al. (17) , except that Difco dehydrated media and defibrinated horse blood were substituted. Chloral hydrate-sodium azide inhibitory medium (CHSA) was prepared as recommended by MacLennan et al. (9) , with the use of yeast extract-bloodagar as a base.
Dextrose proteose No. 3 (DP-3) Agar. A 40-g amount of Difco Dextrose Proteose No. 3 Agar and 7 g of Difco Agar were dissolved in 1 liter of distilled water by heating to boiling and were dispensed in 8-ml amounts into tubes (16 by 150 mm). After being autoclaved for 15 min at 121 C, the media were incubated at 37 C overnight to check for sterility and then were stored at room temperature.
Tetanus antitoxin. Equine antitoxin without preservative (Massachusetts Institute of Laboratories lot No. LA 308) containing 1,660 Lf (limit of flocculation) per ml was used for halo tests. Equine antitoxin with preservative (lot No. LA 117 P, from the same source) containing 2,000 antitoxin units per ml was used for passive immunization of control mice.
Reference strains oforganisms. Two reference strains of toxin-producing C. tetani were used. Reference strain S-2 is the strain used for tetanus toxoid production by the organisms obtained in the manner described above. While still liquid, these cultures were poured into sterile petri dishes (15 by 100 mm) into which had been placed 4 drops of tetanus antitoxin without preservative (final concentration of antitoxin in the medium in the plate was approximately 40 Lf/ml). The plates were swirled gently to mix the antitoxin with the media, allowed to solidify, and incubated at 37 C in Brewer jars. The plates were examined at intervals from the 3rd tbrough the 7th day of incubation, by use of a dissecting microscope, indirect lighting, and a black background. A comparison of the behavior of our stock and wild strains of C. tetani is presented in Table 3 . The atypical strain, S-1, consistently grew as a thin film on the surface of the agar, without producing discrete colonies. Strain S-2 did not swarm. Strain S-3, as well as the wild strains, produced characteristic colonies as well as swarming.
RESULTS

Samples of feces
The halos noted in Table 3 began to appear at about 3 days of incubation and continued to intensify with time. By the 7th day of incubation, they were in all cases readily identifiable by the naked eye with the use of transillumination. Removal of the plates to an aerobic environment after 5 to 7 days of anaerobiosis served to intensify the halos further. Reactions were easily identifiable for at least 3 weeks if the plates were kept at room temperature and protected from contamination. Figure 1 illustrates the precipitin halos produced by stock strain S-2 of C. tetani. Because of the swarming tendency of C. tetani, it was necessary to use media containing 2% agar to inhibit swarming sufficiently to allow the production of halos. Several readily available commercial media were evaluated, and DP-3 with 2% agar was found to be most satisfactory. The other media tested included Nutrient Agar, PPLO Agar, and Liver Veal Agar (all Difco products).
The results of mouse lethality tests are also summarized in Table 3 .995 VOL. 14, 1966 on November 2, 2017 by guest http://aem.asm.org/ Downloaded from killed by these strains, except in the first test performed with strain S-3 in which one of four mice died. In that single test, the protective antitoxin was administered immediately before inoculation of the organisms. Our interpretation of the aberrant death of this single animal is that it resulted from an overwhelming dose of preformed toxin, which killed the animal before protective amounts of antitoxin could be absorbed from the peritoneal cavity. In all subsequent tests in which antitoxin was administered 1 to 4 hr before injection of the organism, all mice receiving antitoxin survived.
Three of the wild strains of C. tetani (4A, 9A, and 11A) also produced results comparable to those observed with reference toxigenic strains S-2 and S-3. The fourth wild strain (14B) killed one of two unprotected mice in one test. The death, which occurred on the 4th day after inoculation, is believed to be nonspecific, because the animal demonstrated no symptoms of tetanus. Wild strain 14B, therefore, is believed to be similar to the nontoxigenic reference strain S-1 in that it forms halos without producing toxin.
One hundred samples of human feces were obtained from the Diagnostic Laboratories at the Massachusetts Institute of Laboratories. These were specimens submitted in buffered glycerol-saline for routine examination for enteric bacteria, and were inoculated into Cooked Meat Medium at from 2 to 10 days after the original collection. Specimens were equally divided between males and females. The age range of the patients was from 1.5 months to 82 years, with a mean age of 13.5 years. Ninety aerobic strains and 14 gram-positive anaerobic bacilli were recovered from these feces. Of the anaerobes, none gave positive halo reactions. Mouse toxicity tests were not performed on these organisms because of the results reported above, which indicate that no positive mouse tests may be expected with organisms not producing halos.
DIscussIoN
The mouse lethality test used in these experiments was not as refined as some described (14), in that the inoculum was presumably a mixture of preformed toxin, vegetative organisms, and spores. However, it gave very dependable results with control inocula, provided that inoculation was made 1 hr or more after passive immunization of the mice.
The halo phenomenon, described by Petrie and Steabben (11, 12) , has been in use at the Massachusetts Institute of Laboratories for several years. The modification described here was developed as a result of the need for a simple identification test, not requiring animals, complex media, or large amounts of equipment and expenditures of time. It appears to be reasonably specific, and is particularly useful for obtaining pure cultures of toxigenic C. tetani from mixtures containing closely related organisms. In view of its simplicity, it should prove useful in field or clinical laboratories for the presumptive identification of C. tetani.
Lowbury and Lilly (8) have proposed and used another technique for identification of C. tetani, which they term an "antitoxin-controlled blood agar plate." In their procedure, a pure culture of an organism suspected of being C. tetani is streaked on a blood-agar plate divided into halves, one of which contains antitoxin. Strains of C. tetani produce zones of hemolysis in the bloodagar in the absence of antitoxin, and hemolysis is inhibited on the half of the plate contai ing antitoxin. In contrast to the halo technique, the hemolysis-inhibition test is of limited value in separating mixed cultures of anaerobes. Furthermore, recent work of Hardegree (4) has demonstrated that the hemolysin produced by C. tetani can be separated by gel filtration from the neurotoxin produced by the organism. For this reason, a positive result with the hemolysin-inhibition test does not necessarily indicate a toxin-producing organism unless the production of both toxin and hemolysin are invariant characteristics of all toxigenic strains. In our hands, with horse bloodagar media, production of hemolysis was an erratic phenomenon among both the reference and the wild strains of C. tetani studied. We therefore prefer the mouse toxicity test as the definitive procedure for identification of toxigenic strains of C. tetani.
We had hoped that the halo test described would prove to be as dependable as the mouse lethality test for identification of toxigenic C. tetani. However, the results observed with both reference strain S-1 and wild strain 14B clearly demonstrate that the halo test will occasionally give positive reactions with strains which will not kill mice. The reason for these "false-positive" halo reactions is not apparent at this time. However, it is of interest that Latham et al. (7) The frequency-of isolation of C. tetani from the environment is approximately that which would be expected on the basis of similar studies reported by Gilles (2) . Although the possibility of contamination of area B through the use of horse manure as fertilizer cannot be excluded, the similarity of the findings in the two areas supports the thesis that perhaps the horse is not an important factor in the distribution of C. tetani in metropolitan Boston.
